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Synthesis of 2,6-disubstituted pyridin-3-yl 1,2-dideoxy-D-ribofuranose 5'-O-triphosphates
The series of seven 2,6-disubstituted pyridine C-nucleosides was converted to the corresponding triphosphates using a classical triphosphorylation methodology (Scheme 1).
Scheme S1. Triphosphorylation of 2,6-disubstituted pyridine C-nucleosides.
In the first step, a solution of the pyridine C-nucleoside was dissolved in PO(OMe) 3 and treated with POCl 3 at 0 °C for 1 h. Then the solution of tributylammonium pyrophosphate and Bu 3 N in DMF was added and the reaction mixture was stirred at 0 °C for 2 h. The reaction was then quenched by the addition of 2 mL of 2M TEAB and purification by HPLC afforded the series of desired triphosphates, dTOK576TP -dTOK588TP, in good to excellent yields ( Table 1) . According to NMR, the initially formed and isolated salts of dNTPs contained two triethylammonium countercations. They were exchanged for sodium cations on cation exchanger, and the finally isolated dNTPs were disodium salts (also confirmed by ESI MR spectra). Nucleoside (45 mg, 0.16 mmol) was suspended in trimethyl phosphate (360 µL) in an argon purged vial, and the suspension was cooled to 0 °C. Then, POCl 3 (22 µL, 0.24 mmol) was added. The reaction mixture was stirred at 0 °C for 1 h, and then an ice-cold solution of (NHBu 3 ) 2 H 2 P 2 O 7 (428 mg, 0.78 mmol) and tributylamine (150 µL, 0.62 mmol) in anhydrous DMF (2.0 mL) was added. The reaction mixture was stirred at 0 °C for 2 h. An aqueous solution of TEAB (2 M, 2 mL, 4 mmol) was then added, and the mixture was evaporated under reduced pressure. The residue was co-evaporated several times with water. The product was purified by HPLC on a C18 column with a linear gradient of 0.1 M TEAB in H 2 O to 0.1 M TEAB in H 2 O/MeOH (1:1), further co-evaporated several times with water, and converted to a sodium salt form (Dowex 50WX8 in Na + cycle). The desired triphosphate was lyophilized from water.
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1β-(2-Chloro-6-methylpyridin-3-yl)-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK580TP)
Compound 1b was prepared using the general procedure for the synthesis of triphosphates from compound 1a (30 mg, 120 µmol 
1β-(2,6-Dimethylpyridin-3-yl)-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK582TP)
Compound 2b was prepared using the general procedure for the synthesis of triphosphates from compound 2a (40 mg, 180 µmol 
1β-(2-Amino-6-methylpyridin-3-yl)-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK586TP)
Compound 3b was prepared using the general procedure for the synthesis of triphosphates from compound 3a ( 
1β-(2-Methoxy-6-methylpyridin-3-yl)-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK581TP)
Compound 4b was prepared using the general procedure for the synthesis of triphosphates from compound 4a (70 mg, 290 µmol 
1β-[2,6-Bis(methylsulfanyl)pyridin-3-yl]-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK576TP)
Compound 5b was prepared using the general procedure for the synthesis of triphosphates from compound 5a (45 mg, 160 µmol). Triphosphate 5b (72 mg, 81 %) was obtained as a white lyophilizate. 
1β-[6-Bromo-2-(methylsulfanyl)pyridin-3-yl]-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK587TP)
Compound 6b was prepared using the general procedure for the synthesis of triphosphates from compound 6a ( 
1β-[6-Methyl-2-(methylsulfanyl)pyridin-3-yl]-1,2-dideoxy-D-ribofuranose 5'-O-triphosphate (dTOK588TP)
Compound 7b was prepared by the general procedure for the synthesis of triphosphates from compound 7a (40 mg, 160 µmol 
Additional Methods
Sanger Sequencing Conditions.
Sanger sequencing was carried out as described previously (2) The cycle sequencing reactions (10 µL) were performed on a 9800 Fast Thermal Cycler (Applied Biosystems) with the Cycle Sequencing Mix S5 (0.5 µL) of the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) containing approximately 2 ng template and 6 pmol primer. In order to avoid using specialized polymers and dye terminator reaction kits designed for short PCR products, we utilized a 5´-poly-dT-tailed sequencing primer strategy to improve the quality of the sequencing reads for the 130-150 nucleotide DNA templates (29), sequences of poly-dT primers are given in Table S2 . After 25 cycles of PCR (initial denaturation 98 °C for 1 min; followed by 98 °C for 10 s, 60 °C for 15 s, 68 °C for 1.5 min), the residual dye terminators were removed from the reaction with Agencourt CleanSEQ (Beckman-Coulter, Danvers, MA) . The products were eluted off the beads with deionized water and sequenced directly on a 3730 DNA Analyzer (Applied Biosystems). Sequencing traces were collected using Applied Biosystems Data Collection software v3.0 and analyzed with the Applied Biosystems Sequencing Analysis v5.2 software.
Determination of Fidelity.
The raw Sanger sequencing traces were used to determine the percent retention of the unnatural base pairs (F) and then normalized to fidelity per doubling, as described previously (2,24). The presence of an unnatural nucleotide in a sequencing template leads to a sharp termination in the sequencing trace, while a substitution to a natural nucleotide causes "read through" (an example of this can be seen when comparing the sequencing traces of dTPT3/dNaM and d5SICS/dNaM, Fig. S1 ). The extent of the read through is inversely correlated with the retention of the unnatural base. To use the sequencing data as a quantitative measurement of PCR fidelity, we performed calibration experiments with templates that ranged between 50 and 100% retention of the unnatural base pair (see Malyshev et al., 2009 (24) for details). Templates with high read-through (retention lower than 50%) are below the accurate detection limit.
Quantification for templates with adequate retention (>50%) was performed by using Sequencing Analysis software (Applied Biosystem). For each quantification, the start and stop points were adjusted to coincide with either the sequencing trace before the unnatural nucleotide (section L) or the trace after the unnatural nucleotide (section R). The adjustments of these start and stop positions yields average signal intensity for each individual nucleotide channel (A, C, G and T) within the defined points, usually 40-50 nucleotides in length. The ratio of the signal intensities for section R and section L (R/L ratio) gives a raw value for the amount of "read-through", this R/L ratio is then normalized using sequencing calibration plots to account for background noise in the sequencing chromatogram and read-through present in the chemically synthesized control template (see Malyshev, et al. 2012 (2) for details). The R/L ratio after normalization (R/L norm ) corresponds to the percentage of the natural sequences in the pool. Finally, F (retention) was calculated as 1 -(R/L) norm , and the retention of the unnatural base pair per doubling (fidelity, f ) was calculated as , where A is amplification and log 2 A is the number of doublings. 
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